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SOLID STATE IMAGING APPARATUS, METHOD FOR FABRICATING THE 



SAME, AND CAMERA USING THE SAME 



TECHNICAL FIELD 

5 [0001] The present invention relates to a solid state imaging apparatus in which an 
imaging area including a plurality of pixels is formed at part of a substrate, a method for 
fabricating the same, and a camera. 

BACKGROUND ART 

10 [0002] A complementary-metal-oxide-semiconductor (CMOS) solid state imaging 
apparatuses represents an image sensor in which a signal accumulated in a photodiode 
forming part of each of pixels is read out by an amplifier circuit including a MOS transistor. 
Such a CMOS solid state imaging apparatus can operate at low voltages, consume less 
power, and be integrated in one chip together with a peripheral circuit. 

15 [0003] In view of the above, attention has been paid to CMOS solid state imaging 
apparatuses as image input devices used for compact cameras for personal computers and 
portable devices, such as cell phones. In recent years, an increase in the number of pixels 
have been demanded for CMOS solid state imaging apparatuses, and therefore the cell size 
per pixel tends to be reduced. 

20 [0004] In a known solid state imaging apparatus, a thermal oxide film is generally 
formed, by local oxidation of silicon (LOCOS), in an isolation region for isolating a 
photodiode formed in a semiconductor substrate and semiconductor devices from one 
another. In the use of LOCOS, the width of the isolation region needs to be increased to 
provide a sufficient isolation property. Furthermore, when a thermal oxide film is formed 

25 by LOCOS, a bird's beak occurs and therefore the isolation region enters into an active 
region of the semiconductor substrate. This makes it necessary to previously secure a 
wide active region. In view of the above, the area of the isolation region occupied in each 
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of pixels and the area of the active region occupied therein must be increased. This 
makes it difficult to reduce the size of the pixel. 

[0005] The following known art is used as a measure for solving such a problem (see 
Patent Document 1). FIG. 14 illustrates a cross-sectional structure of a photodiode 
5 section of a solid state imaging apparatus according to a known example. 

[0006] As illustrated in FIG. 14, a photodiode 62 including a P"-type silicon layer 55, 
an N-type silicon layer 54 and a P^-type silicon layer 56 is formed in the vicinity of the top 
surface of an N-type silicon substrate 53. 

[0007] An isolation region 52 is formed in the vicinity of part of the top surface of the 
10 N-type silicon substrate 53 located around the photodiode 62 to extend from the uppermost 
surface of the N-type silicon substrate 53 to substantially the same depth as that of the 
N-type silicon layer 54 and have a shallow trench isolation (STI) structure in which a 
trench having inner walls covered with a silicon dioxide (SiOi) film 61 is filled with an 
insulating film made of SiOi and any other material. Therefore, the photodiode 62 is 
15 electrically isolated from other peripheral devices in the top surface of the N-type silicon 
substrate 53. 

[0008] Since in the known example the isolation region 52 is formed to have a STI 
structure, a bird's beak does not occur and therefore the isolation region 52 does not enter 
into a light-receiving area 51. Therefore, the area of the light-receiving area 51 is not 

20 reduced due to a bird's beak. As a result, a large light-receiving area 51 can be secxired. 
Furthermore, in the case of the isolation region 52 of a STI structure, the width of an 
insulative material necessary for isolation is smaller than in the case of the isolation region 
52 of a LOCOS structure or any other structure. This can reduce the area of the isolation 
region itself, resulting in the enhanced sensitivity of the photodiode. 

25 Patent Document 1 : Japanese Unexamined Patent Publication No. 2004-39832 
DISCLOSURE OF INVENTION 
Problems that the Invention is to Solve 
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[0009] Since in the known example the isolation region is formed to have a STI 
structure, process steps of forming a trench in the top surface of the silicon substrate by 
etching, forming a SiOi fihn on the inner walls of the trench by heat treatment or any other 
method and then filling the trench with an insulating film are required for the formation of 

5 the isolation region. 

[0010] When such an isolation region of a STI structure is formed and a trench is filled 
with SiOi serving as an insulating film, silicon defects are caused in the vicinity of the 
interface between an isolation region and the other region of a silicon substrate. 
Furthermore, the difference in thermal expansion coefficient between the silicon substrate 

10 and SiOi causes stress-induced defects in a heat treatment process step of a fabrication 
process for a solid state imaging apparatus. 

[001 1] When such defects are caused, not only photoelectrically converted charges but 
also charges caused by stress and siUcon defects are accvimulated in a signal charge 
accumulation section of a photodiode. In other words, in addition to charges produced in 

1 5 the entry of light into the photodiode, even when light is not incident upon a light-receiving 
area, unnecessary charges are produced and then accumulated in the signal accumulation 
section. This causes pixel-to-pixel variations in characteristics (random noises) and white 
defects representing white dots produced when there is no incident light, resulting in the 
reduced sensitivity of the photodiode. 

20 [0012] The present invention has been made to solve the above problems, and an 
object of the present invention is to provide a high-sensitivity solid state imaging apparatus 
which prevents the production of random noises and white defects both caused by charges 
produced due to stress to avoid reduction in the sensitivity of a solid state imaging 
apparatus, a method for fabricating the same, and a camera. 

25 Means of Solving the Problems 

[0013] In order to achieve the above object, a solid state imaging apparatus of the 
present invention is configured such that an isolation region is fomied of a material having 
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the same thermal expansion coefficient as a semiconductor substrate, 
[0014] To be specific, a solid state imaging apparatus of the present invention 
comprises a photoelectric conversion section formed in an imaging area of the top surface 
of a silicon substrate, and an isolation region formed in at least one part of the silicon 
5 substrate located around the photoelectric conversion section and made of an isolation 
material having a thermal expansion coefficient larger than silicon oxide and equal to or 
smaller than silicon. 

[0015] Since the solid state imaging apparatus of the present invention includes an 
isolation region made of an isolation material having a thermal expansion coefficient larger 

10 than silicon oxide and equal to or smaller than silicon, the thermal expansion coefficient of 
the isolation region is substantially equal to that of the silicon substrate. Therefore, 
stress-induced defects can be prevented from being produced in the photoelectric 
conversion section in heat treatment of a fabrication process for the solid state imaging 
apparatus. This can prevent unnecessary charges from being produced due to stress and 

15 thus reduce random noises and white defects both produced due to the accumulation of 
xmnecessary charges. 

[0016] In the solid state imaging apparatus of the present invention, the isolation 
region is preferably made of the isolation material with which an isolation trench is filled, 
said isolation trench being formed in at least one part of the silicon substrate located 
20 around the photoelectric conversion section. With this structure, an isolation region 
whose thermal expansion coefficient is substantially equal to that of the silicon substrate 
can be certainly formed. 

[0017] It is preferable that the solid state imaging apparatus further comprises an 
insulating film covering the bottom and sidewalls of the isolation trench. With this 
25 structure, when a polysilicon interconnect is formed on the embedded layer, the parasitic 
capacitance between the polysilicon interconnect and the embedded layer can be reduced. 
This permits a high-speed charge readout operation. 
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[0018] It is preferable that the solid state imaging apparatus further comprises an 
impurity-doped semiconductor layer formed in a region of the silicon substrate forming the 
bottom and sidewalls of the isolation trench by doping the region with an impurity. This 
structure can certainly prevent charges produced at the boundary between the isolation 
5 region and a circuit device from being accumulated in the photoelectric conversion section. 

[0019] In the solid state imaging apparatus of the present invention, the isolation 
material is preferably silicon. This structure can certainly prevent stress from being 

applied to the photoelectric conversion section during heat treatment. 

[0020] It is preferable that the solid state imaging apparatus ftirther comprises a MOS 
10 transistor formed in the imaging area, wherein the silicon layer contains an impurity of the 

opposite conductivity type to source and drain regions of the MOS transistor. With this 

structure, when a gate intercormect is formed on the isolation region, the parasitic 

capacitance between the substrate and the gate interconnect can be reduced, resulting in the 

solid state imaging apparatus operated at high speed. 
15 [0021] In the above case, the silicon layer is preferably made of amorphous silicon, 

polycrystalline silicon or porous silicon. With this structure, damage due to thermal 

stress can be certainly reduced. 

[0022] A method for fabricating a solid state imaging apparatus comprises the steps of: 
forming an isolation trench by etching a region of a silicon substrate; forming an insulating 
20 film to cover the bottom and sidewalls of the isolation trench; after the formation of the 
insulating film, filling the isolation trench with a silicon layer; and implanting an impurity 
into a predetermined region of the silicon layer. 

[0023] Since the method for fabricating a solid state imaging apparatus of the present 
invention includes the step of filling the isolation trench with the silicon layer, the isolation 
25 region can be formed of the same material as the silicon substrate. This can prevent the 
production of defects in the vicinity of the isolation region and the production of defects 
coming from stress applied to the photoelectric conversion section during heat treatment. 
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As a result, a solid state imaging apparatus allowing only small numbers of random noises 
and white defects can be fabricated. 

[0024] It is preferable that the method further comprises the step of making the silicon 
layer porous. The step of making the silicon layer porous preferably includes the steps of: 
attaching an electrode to part of the silicon layer; and immersing, in a solution, part of the 
silicon layer excluding the part thereof to which the electrode is attached and then passing 
current via the electrode through the silicon layer. With this structure, an isolation region 
composed of a porous film with a small permittivity can be formed without causing 
damage to devices formed at parts of the substrate. 

[0025] A camera comprises the solid state imaging apparatus of the present invention. 
With this structure, the camera can include a solid state imaging apparatus allowing only 
small numbers of random noises and white defects, and a camera permitting 
high-resolution imaging can be achieved. 
Effect of the Invention 

[0026] A solid state imaging apparatus of the present invention, a method for 
fabricating the same and a camera using the same achieve reduction in the pixel size and 
increase in the area of a light-receiving area while securing the electrical isolation property 
of an isolation region. In addition, a solid state imaging apparatus allowing only small 
numbers of random noises and white defects, a fabrication method for the same and a 
camera can be achieved. 
BRIEF DESCRIPTION OF DRAWINGS 

[0027] [FIG. 1] FIG. 1 is a circuit diagram illustrating a solid state imaging apparatus 
according to a first embodiment of the present invention. 

[FIG. 2] FIG. 2 is a cross-sectional view illustrating a photodiode section of a 
solid state imaging apparatus according to the first embodiment of the present invention. 

[FIG. 3] FIGS. 3(a) through 3(d) are cross-sectional views illustrating process 
steps in a fabrication method for the photodiode section of the solid state imaging 
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apparatus according to the first embodiment of the present invention. 

[FIG. 4] FIG. 4 is a cross-sectional view illustrating a photodiode section of 
another exemplary solid state imaging apparatus according to the first embodiment of the 
present invention. 

5 [FIG. 5] FIGS. 5(a) and 5(b) illustrate an exemplary solid state imaging 

apparatus according to the first embodiment of the present inventipn, in which FIG, 5(a) is 

a cross-sectional view taken along the line Va-Va in FIG. 1 and FIG. 5(b) is a 

cross-sectional view taken along the line Vb-Vb in FIG. 1. 

[FIG. 6] FIGS. 6(a) and 6(b) illustrate another exemplary solid state imaging 
10 apparatus according to the first embodiment of the present invention, in which FIG. 6(a) is 

a cross-sectional view taken along the line Va-Va in FIG. 1 and FIG. 6(b) is a 

cross-sectional view taken along the line Vb-Vb in FIG. 1. 

[FIG. 7] FIG. 7 is a cross-sectional view illustrating a photodiode section of a 

solid state imaging apparatus according to a second embodiment of the present invention. 
15 [FIG. 8] FIGS. 8(a) through 8(d) are cross-sectional views illustrating process 

steps in a fabrication method for a photodiode section of the solid state imaging apparatus 

according to the second embodiment of the present invention. 

[FIG. 9] FIG. 9 is a schematic view illustrating an anodizing device used for a 

fabrication process for a solid state imaging apparatus of the present invention. 
20 [FIG. 10] FIGS. 10(a) through 10(d) are cross-sectional views illustrating 

process steps in a fabrication method for a photodiode section of a solid state imaging 

apparatus according to a modification of the second embodiment of the present invention. 

[FIG. 11] FIG. 11 is a cross-sectional view illustrating a photodiode section of a 

solid state imaging apparatus according to a third embodiment of the present invention. 
25 [FIG. 12] FIGS. 12(a) through 12(e) are cross-sectional views illustrating 

process steps in a fabrication method for a photodiode section of the solid state imaging 

apparatus according to the third embodiment of the present invention. 
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[FIG. 13] FIG. 13 is a block diagram illustrating the structure of a camera 
according to a fourth embodiment of the present invention. 

[FIG. 14] FIG. 14 is a cross-sectional view illustrating a photodiode section of a 
solid state imaging apparatus according to a known example. 
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[0028] 


1 


semiconductor substrate 




2 


photodiode 
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isolation region 
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first semiconductor layer 
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5 


P'^-type surface layer 
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second semiconductor layer 
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P'^-type silicon layer 
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P-type silicon layer 
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insulating film 


15 


10 


pad insulating film 




11 


oxidation-resistant film 




12 


opening 




13 


trench 




14 


embedded layer 


20 


15 


porous silicon film 




16 


P-type silicon section 




17 


silicon film containing N-type impurity 




18 


silicon film containing P-type impurity 




20 


STI structure 


25 


21 


photodiodes 




22 


transfer transistors 




23 


reset transistors 
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24 


amplification transistors 




25 


select transistors 




26 


pixels 




27 


imaging area 
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28 


vertical shift register 




29 


horizontal shift register 




30 


timing generator circuit 




31 


output pulse line 




32 


output pulse line 


10 


33 


power source 




34 


output pulse line 




37 


peripheral-circuit area 




41 


silicon film 




42 


porous silicon film 


15 


51 


light-receiving area 




52 


isolation region 




53 


N-type silicon substrate 




54 


N-type silicon layer 




55 


P'-type silicon layer 


20 


56 


P'^-type silicon layer 




57 


P'^-type channel stopper layer 




58 


P-type surface well 




59 


P-type deep well 




60 


P-type plug well 


25 


61 


silicon oxide film 




102 


electrode 




111 


reactor 
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112 


electrode 


113 


conductive line 


114 


constant-current source 


115 


silicon wafer stage 


116 


infrared cut-filter 


117 


tungsten lamp 


118 


O-ring 


119 


reaction solution 


BEST MODE 


FOR CARRYING OUT THE INVENTION 



10 [0029] (Embodiment 1) 

A solid state imaging apparatus according to a first embodiment of the present 
invention and a fabrication method for the same will be described hereinafter with 
reference to the drawings. 

[0030] FIG. 1 illustrates a circuit diagram of a CMOS solid state imaging apparatus of 
15 this embodiment. As illustrated in FIG. 1, an imaging area 27 in which a plurality of 
pixels 26 are arranged in matrix, a vertical shift register 28 and a horizontal shift register 
29 each for selecting a pixel, and a timing generator circuit 30 for supplying a necessary 
pulse to the vertical shift register 28 and the horizontal shift register 29 are formed on one 
substrate. 

20 [0031] Each of the pixels 26 arranged in the imaging area 27 is composed of a 
photodiode 21 serving as a photoelectric conversion section and associated semiconductor 
devices. A transfer transistor 22 is connected at its source to an output part of the 
photoelectric conversion section 21. Connected to the drain of a transfer transistor 22 are 
the source of a reset transistor 23 connected at its drain to a power source 33 and the gate 

25 of an amplifier transistor 24 connected at its drain to the power source 33 and at its source 
to the drain of a select transistor 25. 

[0032] The transfer transistor 22, the reset transistor 23 and the select transistor 25 are 
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connected at their gates to an output pulse line 31, an output pulse line 32 and an output 
pulse line 34 all from the vertical shift register 28, respectively. The select transistor 25 is 
connected at its source to an output pulse line 35 from the horizontal shift register 29. 
[0033] FIG. 2 illustrates a cross-sectional structure of a photodiode 21 section of the 

5 solid state imaging apparatus of this embodiment. As illustrated in FIG. 2, a photodiode 2 
serving as a photoelectric conversion section has a PNP structure and includes a thin 
P'^-type sxirface layer 5 formed in the uppermost surface of a substrate 1 of semiconductor 
of N-type silicon and a first semiconductor layer 4 of N-type silicon and a second 
semiconductor layer 6 of P"-type silicon successively formed immediately below the 

10 P"*"-type surface layer 5 and serving as a charge accumulation region. 

[0034] When light incident upon the photodiode 2 reaches the pn-junction interface 
between the first semiconductor layer 4 and the P"^-type surface layer 5 or a second 
semiconductor layer 6, the light is subjected to photoelectric conversion, leading to the 
production of positive holes and electrons. Therefore, signal charges (electrons) 

15 corresponding to the amoimt of the incident light are accxmiulated in a depletion-layer 
region produced between the first semiconductor layer 4 and the P^-type surface layer 5 
and a depletion-layer region produced between the first semiconductor layer 4 and the 
second semiconductor layer 6. The P'^-type surface layer 5 formed in the uppermost 
surface of the substrate 1 of semiconductor can reduce the charges produced in the top 

20 surface of the photodiode 2 due to random noises. 

[0035] The photodiode 2 is isolated from other adjacent photodiodes 2 (not shown) or 
adjacent semiconductor devices (not shown) by an isolation region 3 formed in part of the 
top surface of the substrate 1 of semiconductor located around the photodiode 2. The 
isolation region 3 is formed of an embedded layer 14 of silicon with which a trench is 

25 filled. 

[0036] A thin P'^-type silicon layer 7 covering the sidewalls and bottom of the trench 
for the isolation region 3 and a P-type silicon layer 8 coming into contact with the lowest 
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surface of the P"*'-type silicon layer 7 are formed to come into contact with the side surfaces 
of the first semiconductor layer 4 forming part of the charge accumulation region. The 
P'^-type surface layer 5 and the second semiconductor layer 6 are electrically connected to 
each other through the P'^-type silicon layer 7 and the P-type silicon layer 8. Therefore, 
5 the first semiconductor layer 4 is electrically isolated from other devices and the other 
region of a substrate. As a result, charges do not leak. 

[0037] In the case where silicon is used for the embedded layer 14 as described in this 
embodiment, the embedded layer 14 and the substrate 1 of silicon have substantially the 
same thermal expansion coefficient. Therefore, stress is not applied to the photodiode 2 

10 in heat treatment executed in various process steps for fabricating a solid state imaging 
apparatus. This can suppress the production of white defects due to stress. 
[0038] Next, a fabrication method for a solid state imaging apparatus according to this 
embodiment will be described with reference to the drawings. FIGS. 3(a) through 3(d) 
are cross-sectional views illustrating process steps in the fabrication method for the soUd 

15 state imaging apparatus step by step. 

[0039] First, as illustrated in FIG. 3(a), a pad insulating film 10 made of a silicon 
oxide film is formed on a substrate 1 of silicon to have a thickness of approximately 1 
through 50 nm. An oxidation-resistant film 11 made of a silicon nitride film or any other 
film is formed on the pad insulating film 10 to have a thickness of 50 through 400 nm. A 

20 resist (not shown) is formed on the oxidation-resistant film 11 to have an opening in its 
predetermined region. 

[0040] Next, the entire substrate region is etched using the resist as a mask. In this 
way, the pad insulating film 10 and the oxidation-resistant film 11 are selectively removed 
to expose a predetermined region of the top surface of the substrate 1 of semiconductor, 
25 thereby forming an opening 12. Thereafter, the resist is removed. The opening 12 is set 
to have a width of approximately 0.13 through 30.0 [xm. 

[0041] Subsequently, as illustrated in FIG. 3(b), in a trench formation step in which 
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the substrate 1 of semiconductor is selectively etched using the oxidation-resistant film 11 
as a mask, a trench 13 is formed under the opening 12. The trench 13 has a depth of 10 
through 800 nm. Furthermore, boron serving as a P-type impurity is implanted from 
above the substrate 1 of silicon thereinto under the following implantation conditions: an 

5 implantation energy of 2.0 through 50 KeV and a dose of 1 xlO^^ through 1x10*^ ions/cm^. 
In this way, a P'^-type siUcon layer 7 is formed at the sides and bottom of the trench 13 
located in the top surface of the substrate 1 of semiconductor. The above implantation 
conditions are adjusted to allow the binding of charges traveling from one interface state to 
another interface state and thus causing dark current. 

10 [0042] Next, as illustrated in FIG. 3(c), in a silicon film deposition step, the trench 13 
is filled with an embedded layer 14 of silicon by chemical vapor deposition (CVD) with 
excellent coverage. In this case, an amorphous or polycrystalline silicon film is used as 
the embedded layer 14. This permits the formation of the embedded layer 14 at a low 
temperature, resulting in the reduced damage to the substrate 1 of semiconductor due to 

15 thermal stress. Furthermore, since thermal diffixsion of an impurity element can be 
reduced, this facilitates the formation of the P^-type silicon layer 7 at the bovmdary 
between an isolation region 3 and the substrate 1 of silicon. This can reduce the charges 
produced at the boundary between the isolation region 3 and the substrate 1 of silicon, 
resulting in the reduced random noises. 

20 [0043] Subsequently, as illustrated in FIG. 3(d), the oxidation-resistant film 11 and 
part of the pad insulating film 10 are removed by wet etching to form an isolation region 3. 
This process step may be sectioned into two stages. More particularly, first, the 
oxidation-resistant film 11 and part of the pad insulating film 10 may be removed by 
chemical mechanical polishing (CMP) or dry etching, and then the remaining part of the 

25 pad insulating film 10 may be removed by wet etching. 

[0044] Thereafter, ions are implanted into a predetermined region of the substrate 1 of 
semiconductor, thereby forming a photodiode 2 and active regions of semiconductor 
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devices (not shown). Subsequently, a gate insulating film, a gate interconnect, an 
interlayer dielectric, a signal line, and a pulse transmission line, and other elements are 
formed in a known method, thereby fabricating a solid state imaging apparatus of this 
embodiment. 

5 [0045] Although in this embodiment the embedded layer 14 is fomied of silicon which 
does not contain any impurity, the same effect can be obtained even in the case where the 
embedded layer 14 is formed of silicon which contains a small amount of impurity made of 
elements, such as oxygen or nitrogen. Furthermore, in this case, the parasitic capacitance 
between each of interconnects formed on the isolation region 3 and the substrate 1 can be 
10 reduced. 

[0046] Furthermore, in the case where a solid state imaging apparatus is designed to 
have only N-channel type transistors as transistors, a film containing a P-type impurity is 
preferably used as the embedded layer 14. Since in this case a gate interconnect formed 
on the isolation region 3 is of an N type, this can reduce the parasitic capacitance between 

15 the gate interconnect and the substrate 1. Likewise, in the case where a solid state 
imaging apparatus is designed to have only P-channel type transistors as transistors, a film 
containing anN-type impurity need be used £is the embedded layer 14. 
[0047] In the case where a solid state imaging apparatus includes both N-channel type 
transistors and P-channel type transistors, it is preferable that a film containing a P-type 

20 impurity is used for part of the isolation region 3 between each adjacent pair of the 
N-channel type transistors and between the photodiode and each of adjacent N-channel 
type transistors and a film containing an N-type impurity is used for part of the isolation 
region 3 between each adjacent pair of the P-channel type transistors and between the 
photodiode and each of adjacent P-channel type transistors. A film of the conductivity 

25 type opposite to that of a gate electrode formed on the isolation region 3 is preferably used 
for parts of the isolation region 3 between N-channel type transistors and adjacent 
P-channel type transistors. 
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[0048] A silicon film containing an N-type or P-type impurity may be deposited from 
a material containing an N-type or P-type. impurity by CVD or may be formed by forming 
a silicon film which does not contain any impurity and then implanting an N-type or P-type 
impurity into the silicon fihn. The amount of the impurity is preferably 1 x 10^^ through 
5 1 X 10^^ ions/cm^. 

[0049] In the case where a film containing an N-type or P-type impurity is used for the 
isolation region 3, the isolation region 3 is preferably grounded and biased to improve the 
isolation property. 

[0050] According to the sohd state imaging apparatus of the present invention, a 
10 trench 13 is formed in a substrate 1 of siUcon and then filled with a silicon fihn by CVD, 
thereby forming an isolation region 3. Since the substrate 1 of silicon and the isolation 
region 3 are therefore made of the same material, this can reduce the stress in heat 
treatment. Therefore, it is less likely to produce defects coming firom the stress at the 
boundary between the isolation region 3 and the substrate 1 of silicon. This can prevent 
15 dark current and white defects from being produced in a photodiode due to the above 
defects. 

[005 1] To be specific, in the known solid state imaging apparatus in which an isolation 
region is formed by STI, approximately 10,000 white defects were observed for one 
million pixels. On the other hand, in the solid state imaging apparatus of this 
20 embodiment in which a silicon film is used as an isolation region, the number of white 
defects is 100 or less. The white defects represent pixels each producing an output of 10 
mV or more when there is no incident light. 

[0052] Since a P"^-type silicon layer 7 containing a P-type impurity is formed at the 
sides and bottom of the trench 13, an energy barrier is formed between the vicinity of the 
25 surface of each sidewall of the substrate formed by the formation of the trench 13 and an 
active region of an adjacent semiconductor device. This can suppress the travel of 
carriers and prevent dark current from traveling from one interface state to another in the 
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sidewalls of the trench 13 and passing through the active region of the semiconductor 
device. In this embodiment, the adjacent semiconductor device has an N-type active 
region and a PNP-type or NP-type photodiode 2. 

[0053] As illustrated in FIG. 4, an insulating film 9 may be formed at the boundary 
5 between the isolation region 3 and the photodiode 2. Even in the case where the isolation 
region 3 is formed of only a silicon film, sufficient isolation can be achieved. However, 
the further formation of a thin insulating film 9 provides electrical isolation between a gate 
interconnect formed on the isolation region 3 and the substrate 1 of semiconductor, 
resulting in the reduced parasitic capacitance therebetween. Furthermore, the electrical 
10 isolation property can be improved. As a result, when a signal pulse is applied to a gate 
interconnect, delays can be reduced and therefore transistors arranged in each pixel can be 
driven at high speed. 

[0054] Since the insulating film 9 is very thin, the influence of stress due to thermal 
expansion is only minimally exerted. An oxide film, a nitride film, an oxynitride film, or 
15 any other film can be used for the insulating film 9, and the insulating film 9 can be formed 
by CVD or thermal oxidation. 

[0055] When as described above an insulating film 9 is formed as part of the isolation 
region 3, the number of white defects is increased as compared with when no insulating 
film 9 is formed, and approximately 300 white defects were observed. However, the 

20 number of white defects is obviously decreased as compared with when an isolation region 
is formed by STL Therefore, it is considered that the formation of the insulating film 9 
can provide the effect of reducing the stress produced due to heat treatment. 
[0056] In this embodiment, the isolation region 3 is formed of a silicon film. 
However, in the case where it is formed of a material having a thermal expansion 

25 coefficient larger than silicon dioxide (SiOi) and equal to or smaller than silicon, more 
particularly, a thermal expansion coefficient larger than 5.5 x lO'^/K and equal to or 
smaller than 0.0415 x lO'^/K, the same effect can be obtained. 
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[0057] In this embodiment, a description was given of the case where an isolation 
region 3 is formed in each pixel 26 illustrated in FIG. 1. A peripheral-circuit area 37 
including a vertical shift register 28, a horizontal shift register 29, a timing generator 
circuit 30, and other elements can have an isolation region of the same structure as 

5 described in this embodiment. 

[0058] FIGS. 5(a) and 5(b) are cross-sectional views taken along the lines Va-Va and 
Vb-Vb in FIG. 1, respectively, in the case where respective isolation regions 3 of an 
imaging area 27 and a peripheral-circuit area 37 are filled with embedded layers 14 made 
of silicon. Since in this case the isolation regions of both the imaging area 27 and the 

10 peripheral-circuit area 37 have the same structure, this can save time for the step of 
forming isolation regions 3. 

[0059] FIGS. 6(a) and 6(b) are cross-sectional views taken along the lines Va-Va and 
Vb-Vb in FIG. 1, respectively, in the case where an isolation region 3 of an imaging area 
27 is filled with an embedded layer 14 and an isolation region 3 of a peripheral-circuit area 

15 37 has a known STI structure 20. Since in this case the isolation region of the 
peripheral-circuit area 37 is formed to have a known STI structure 20, a peripheral circuit 
can be formed which achieves a high-voltage and high-speed operation. The isolation 
region of the peripheral-circuit area 37 may be formed by LOCOS. 
[0060] (Embodiment 2) 

20 A solid state imaging apparatus according to a second embodiment of the present 

invention will be described hereinafter with reference to the drawings. FIG. 7 illustrates a 
cross-sectional structure of a photodiode section of the solid state imaging apparatus of this 
embodiment. In FIG. 7, the same reference numerals are given to the same components 
as in FIG. 2, and therefore a description thereof is not given. 

25 [0061] In the solid state imaging apparatus of this embodiment, an isolation region 3 is 
formed by filling a trench with a porous silicon film 15. Since the substrate 1 of silicon 
and the isolation region 3 are therefore made of the same material, this can reduce the 
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stress due to heat treatment. Therefore, it is less likely to produce defects coming from 
the stress at the boundary between the isolation region 3 and the substrate 1 of silicon. 
This can prevent dark current and white defects from being produced in a photodiode due 
to the above defects. Furthermore, the permittivity of the isolation region 3 can be 

5 reduced. Therefore, in the case where a gate interconnect is formed on the isolation 
region 3, the parasitic capacitance between the gate interconnect and the substrate 1 of 
semiconductor can be reduced, resulting in high-speed charge readout operation. 
[0062] Next, a fabrication method for a solid state imaging apparatus according to this 
embodiment will be described with reference to the drawings. FIGS. 8(a) through 8(d) 

10 are cross-sectional views illustrating process steps in the fabrication method for the solid 
state imaging apparatus step by step. 

[0063] First, as illustrated in FIG. 8(a), a pad insulating film 10 made of a silicon 
oxide film is formed on a substrate 1 of silicon to have a thickness of approximately 1 
through 50 nm. An oxidation-resistant film 11 made of a silicon nitride film or any other 
15 film is formed on the pad insulating film 10 to have a thickness of 50 through 400 nm. A 
resist (not shown) is formed on the oxidation-resistant film 11 to have an opening in its 
predetermined region. 

[0064] Next, the entire substrate region is etched using the resist as a mask. In this 
way, the pad insulating film 10 and the oxidation-resistant film 11 are selectively removed 
20 to expose a predetermined region of the top surface of the substrate 1 of semiconductor, 
thereby forming an opening 12. Thereafter, the resist is removed. The opening 12 is set 
to have a width of approximately 0.13 through 30.0 |im. 

[0065] Subsequently, as illustrated in FIG. 8(b), the substrate 1 is anodized using the 
oxidation-resistant film 11 as a mask, thereby forming a porous silicon film 15 serving as 
25 an isolation region 3. 

[0066] Next, as illustrated in FIG. 8(c), boron serving as a P-type impurity is 
implanted from above the substrate 1 of silicon thereinto under the following implantation 
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conditions: an implantation energy of 2.0 through 50 KeV and a dose of 1x10^^ through 
1x10^^ ions/cm^. In this way, a P'*'-type silicon layer 7 is formed to cover the sides and 
bottom of the porous silicon film 15, and a P'^-type surface layer 5 is formed which will 
serve as the uppermost layer of a photodiode 2. The above implantation conditions are 
5 adjusted to allow the binding of charges traveling from one interface state to another 
interface state and thus causing dark current. 

[0067] Subsequently, as illustrated in FIG. 8(d), the oxidation-resistant film 11 and 
part of the pad insulating film 10 are removed by wet etching. This process step may be 
sectioned into two stages. More particularly, first, the oxidation-resistant film 11 and part 

10 of the pad insulating film 10 may be removed by CMP or dry etching, and then the 
remaining part of the pad insulating film 10 may be removed by wet etching. 
[0068] Thereafter, ions are implanted into a predetermined region of the substrate 1 of 
semiconductor, thereby forming a photodiode 2 and active regions of semiconductor 
devices (not shown). Subsequently, a gate insulating film, a gate interconnect, an 

15 interlayer dielectric, a signal line, and a pulse transmission line, and other elements are 
formed in a known method, thereby fabricating a solid state imaging apparatus of this 
embodiment. 

[0069] In this embodiment, an N-type porous silicon film 15 is formed in a porous 
film formation step using anodization that will described below. 

20 [0070] FIG. 9 illustrates an anodizing device used in the porous film formation step of 
this embodiment. As illustrated in FIG. 9, a substrate 1 of semiconductor on the back 
surface of which an electrode 102 is formed is supported on a silicon wafer stage 115, and 
a reactor 111 made of Tefron is placed on the substrate 1 of semiconductor with a 
hydrofluoric-acid-resistant O-ring 118 of fluorine rubber interposed therebetween. The 

25 reactor 111 is filled with a 1:1 solution of ethyl alcohol and hydrofluoric acid (5% 
solution), i.e., a reaction solution 119. 

[0071] An anode of a constant-current source 114 is connected through a conductive 
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line 113 to the electrode 2, and a cathode of the constant-current source 114 is connected 
through the conductive line 113 to an electrode 112 of platinum immersed in the reaction 
solution 119 in the reactor 111. 

[0072] A lOOW tungsten lamp 117 is provided above the reactor 111, and light can be 
5 thus applied to the top surface of the substrate 1 of semiconductor. An infrared cut-filter 
116 is provided below the tungsten lamp 117 to prevent the substrate 1 of silicon from 
being heated by the tungsten lamp 117. The intensity of light applied to part of the top 
surface of the substrate 1 of semiconductor to be anodized is set to become uniform. 
[0073] Although in this embodiment platinum is used for the electrode 112, any other 
10 sufficiently hydrofluoric-acid-resistant and low-resistance material may be used therefor. 
As long as the reaction solution 119 contains hydrofluoric acid and ethyl alcohol, a porous 
silicon film 15 can be formed. Therefore, the concentration of the reaction solution 119 
may be arbitrarily changed. 

[0074] A current of 30 mA/cm^ for anodization is allowed to flow for three seconds 
15 using this device. In this way, only a region of the top surface of the substrate 1 of 
semiconductor to which light is applied is made porous, thereby forming a porous silicon 
film 15. Although the speed at which the porous silicon film 15 can be formed varies 
according to the resistivity and current density of the substrate 1 of semiconductor, the 
porous silicon film 15 can be formed at a high speed of approximately 20 ^im/min. The 
20 reason for this is that cvirrent flows concentratedly through the region of the substrate 1 
into which ions are implanted during anodization. 

[0075] The depth of the porous silicon film 15 can be adjusted by the cunent for 
anodization, the anodization time and the amount of light applied to the substrate 1 by the 
tungsten lamp 117. The current for anodization can be changed within a range of 1 
25 through 50 mA/cm^, and the anodization time can be changed within a range of one second 
through 30 minutes. 

[0076] Since the oxidation-resistant film 11 serves as a mask during anodization, a 
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porous silicon film 15 can be formed only in a predetermined isolation region. 
[0077] According to the solid state imaging apparatus of this embodiment, a porous 
silicon film 15 is formed in part of the top surface of the substrate 1 of silicon using 
anodization, thereby forming an isolation region 3. Since the substrate 1 of silicon and 

5 the isolation region 3 are therefore made of the same material, this can reduce the stress in 
heat treatment. Therefore, it is less likely to produce defects. This can prevent dark 
current and white defects from being produced due to the above defects. 
[0078] Furthermore, the permittivity of the isolation region 3 can be reduced by 
making the isolation region 3 porous. Therefore, in the case where a gate interconnect is 

10 formed on the isolation region 3, the parasitic capacitance between the gate interconnect 
and the substrate 1 of semiconductor can be reduced, leading to a high-speed charge 
readout operation. 

[0079] In order to further reduce the influence of the parasitic capacitance between a 
gate electrode placed on the isolation region 3 and the substrate 1 of semiconductor, an 
15 insulating film may be formed by oxidizing part of the porous silicon film 15. For 
example, part of the porous silicon film 15 is heated in a gas containing oxygen atoms by 
fiimace or resistance heating so as to be oxidized. 

[0080] Furthermore, part of the porous silicon film 15 may be oxidized by pouring a 
hydrogen chloride solution into the reactor after anodization and passing current through 

20 the part of the porous silicon film 15 using the substrate 1 of semiconductor as an anode 
and the solution as a cathode. For example, after completion of anodization, a solution in 
the reactor 11 is replaced with a 10% hydrogen chloride solution and a current of 1 through 
50 mA/cm^ is passed through an electrode for 1 through 60 minutes, thereby forming an 
approximately 1- through 10-nm-thick oxide film. 

25 [0081] Since the porous silicon film 15 is very likely to be oxidized, it is usually 
difficult to control the thickness of the oxide film. However, in the case where the 
oxidation step and the previous steps are successively carried out in the same reactor as 



22 



described above, the thickness of the oxide film can be controlled. 

[0082] In the known solid state imaging apparatus in which an isolation region is 
formed by STI, approximately 10,000 white defects were observed for one million pixels. 
On the other hand, in the solid state imaging apparatus of this embodiment in which a 

5 porous silicon film is formed as an isolation region, the number of white defects is 1 ,000 or 
less. Furthermore, when an insulating film is formed by oxidizing part of an isolation 
region, the number of white defects is increased as compared with when no oxide film is 
formed, and approximately 1,100 white defects were observed. However, the number of 
white defects is obviously decreased as compared with when an isolation region is formed 

10 by STL Therefore, it is considered that the formation of the insulating fihn can provide 
the effect of reducing the stress produced due to heat treatment. The white defects 
represent pixels each producing an output of 10 mV or more when there is no incident 
light. 

[0083] Instead of a fabrication method for a solid state imaging apparatus, the 
15 following method can be used. Like the first embodiment, a trench 13 is formed and 
filled with a silicon film, and then the silicon film is anodized using the device of this 
embodiment, thereby forming an isolation region 3 made of a porous silicon film 15 
having the same cross-sectional structure as shown in FIG. 7. Since in this case part of 
the substrate 1 of semiconductor through which current is passed is selectively made 
20 porous, it is anodized using the silicon film with which the trench 13 is filled as an anode 
and the reaction solution 119 as a cathode. Since a porous silicon film 15 is formed by 
reaction between holes and the reaction solution 119, holes need not be produced by the 
tungsten lamp 117. This eliminates the need for using the tungsten lamp 117. When the 
silicon film contains a P-type impurity, the porous silicon film 15 can be of a P type. 
25 [0084] (Modification of Embodiment 2) 

A solid state imaging apparatus according to a modification of a second embodiment 
of the present invention will be described hereinafter with reference to the drawings. 
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[0085] The solid state imaging apparatus of this modification is characterized in that 
an isolation region 3 illustrated in FIG. 7 is formed of a P-type porous siUcon. 
[0086] FIGS. 10(a) through 10(d) are cross-sectional views illustrating process steps 
in a fabrication method for the solid state imaging apparatus of this modification step by 
5 step. 

[0087] First, as illustrated in FIG. 10(a), a resist (not shown) is formed to have an 
opening in its predetermined region, and ions are implanted into a substrate 1 of 
semiconductor using the resist as a mask, thereby forming a P-type silicon section 16 
containing a P-type impurity in predetermined part of the substrate 1 of semiconductor. 
10 [0088] Next, as illustrated in FIG. 10(b), an electrode for anodization is formed on part 
of the P-type silicon section 16 located in part of the top surface of the substrate 1 of 
semiconductor, and then a porous silicon film 15 is formed by anodizing the P-type silicon 
section 16. 

[0089] The P-type silicon section 16 is anodized in the same procedure as in the 
1 5 second embodiment. Since in this modification the P-type silicon section 16 is selectively 
made porous, it is anodized using the P-type silicon section 16 as an anode and a reaction 
solution 119 as a cathode. Since a silicon film containing a P-type impurity is subjected 
to anodization, holes need not be produced by a lamp. This eliminates the need for using 
a tungsten lamp 117. Therefore, in this modification, a process allowing a short 
20 turnaround time can be achieved. 

[0090] Next, as illustrated in FIG. 10(c), boron serving as a P-type impurity is 
implanted from above the substrate 1 of silicon thereinto under the following implantation 
conditions: an implantation energy of 2.0 through 50 KeV and a dose of 1^10^^ through 
1x10^^ ions/cm^. In this way, a P"^-type silicon layer 7 is formed to cover the sides and 
25 bottom of the porous silicon film 15, and a P'^-type surface layer 5 is formed which will 
serve as the uppermost layer of a photodiode 2. The above implantation conditions are 
adjusted to allow the binding of charges traveling from one interface state to another 
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interface state and thus causing dark current. 

[0091] Subsequently, as illustrated in FIG. 10(d), ions are implanted into a 
predetermined region of the substrate 1 of semiconductor, thereby forming a photodiode 2 
and active regions of semiconductor devices (not shown). Subsequently, a gate insulating 
5 film, a gate interconnect, an interlayer dielectric, a signal line, and a pulse transmission line, 
and other elements are formed in a known method, thereby fabricating a solid state 
imaging apparatus of this embodiment. 

[0092] In this modification, the porous silicon film 15 serving as an isolation region 3 
is of a P type. In the case where an N-channel type transistor forms a semiconductor 

10 device, a gate interconnect formed on the isolation region 3 is of an N type. Therefore, 
when porous silicon containing a P-type impurity is used as the isolation region 3 as in this 
modification, this can reduce the capacitance between the gate interconnect and the 
substrate 1 of silicon, resulting in a solid state imaging apparatus operated at high speed. 
[0093] In the case where both N-type and P-type semiconductor devices are formed at 

15 a single substrate, both an N-type porous silicon film described in the second embodiment 
and a P-type porous silicon film described in this modification need be formed as 
necessary. 

[0094] Like the second embodiment, an oxide film may be formed by thermally 

oxidizing part of the porous silicon film 15 or oxidizing part of the porous silicon film 15 
20 in an electrolytic cell. 

[0095] (Embodiment 3) 

A solid state imaging apparatus according to a third embodiment of the present 

invention and a fabrication method for the same will be described hereinafter with 

reference to the drawings. 
25 [0096] FIG. 11 is a cross-sectional view illustrating a photodiode section of the solid 

state imaging apparatus of this embodiment. In FIG. 11, the same reference numerals are 

given to the same components as in FIG. 2, and a description thereof is not given. In this 
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embodiment, an isolation region 3 is fomied of a silicon film 41 and a porous silicon film 
42 to reduce the stress in heat treatment. As illxistrated in FIG. 11, a U-shaped porous 
silicon film 42 is embedded in the silicon film 41. 

[0097] FIGS. 12(a) through 12(e) are cross-sectional views illustrating process steps in 
5 the fabrication method for the solid state imaging apparatus step by step. 

[0098] First, as illustrated in FIG. 12(a), a pad insulating film 10 made of a silicon 
oxide film is formed on a substrate 1 of silicon to have a thickness of approximately 1 
through 50 nm. An oxidation-resistant film 11 made of a silicon nitride film or any other 
film is formed on the pad insulating film 10 to have a thickness of 50 through 400 nm. A 
10 resist (not shown) is formed on the oxidation-resistant film 11 to have an opening in its 
predetermined region. 

[0099] Next, the entire substrate region is etched using the resist as a mask. In this 
way, the pad insulating film 10 and the oxidation-resistant film 11 are selectively removed 
to expose a predetermined region of the top surface of the substrate 1 of semiconductor, 
1 5 thereby forming an opening 12. Thereafter, the resist is removed. The opening 12 is set 
to have a width of approximately 0.13 through 30.0 ^m. 

[0100] Subsequently, as illustrated in FIG. 12(b), in a trench formation step in which 
the substrate 1 of semiconductor is selectively etched using the oxidation-resistant film 11 
as a mask, a trench 13 is formed under the opening 12. The trench 13 has a depth of 10 

20 through 800 nm. Furthermore, boron serving as a P-type impurity is implanted from 
above the substrate 1 of silicon thereinto under the following implantation conditions: an 
implantation energy of 2.0 through 50 KeV and a dose of 1x10*^ through 1x10^^ ions/cm^. 
In this way, a P"*'-type silicon layer 7 is formed at the sides and bottom of the trench 13 
located in the top surface of the substrate 1 of semiconductor. The above implantation 

25 conditions are adjusted to allow the binding of charges traveling from one interface state to 
another interface state and thus causing dark current. 

[0101] Next, as illustrated in FIG. 12(c), a silicon film 17 containing an N-type 
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impurity and a silicon film 18 containing a P-type impurity are repeatedly deposited in the 
trench 13 by CVD using the oxidation-resistant film 11 as a mask, thereby completely 
filling the trench 13. 

[0102] In this embodiment, first, the silicon film 17 containing an N-type impurity is 

5 deposited in the trench 13 by CVD to have a thickness of 10 through 100 nm. Next, the 
silicon film 18 containing a P-type impurity is deposited on the silicon film 17 containing 
an N-type impurity to have a thickness of 10 through 100 nm. Furthermore, another 
silicon film 17 containing an N-type impurity is deposited on the silicon film 18 containing 
a P-type impurity to completely fill the trench 13. For the order of the deposited films, 

10 the silicon films 17 containing an N-type impurity are replaced with silicon films 18 
containing a P-type impurity and the silicon film 18 containing a P-type impurity may be 
replaced with a silicon film 17 containing an N-type impurity. In this embodiment, a 
polycrystalline silicon film may be used as a silicon film, and instead of three layers, four 
or more layers may be deposited in the trench 13. 

15 [0103] Next, as illustrated in FIG. 12(d), the entire substrate region is subjected to 
CMP using the oxidation-resistant film 11 as a stopper to expose part of the silicon film 18 
containing a P-type impurity. Thereafter, part of the isolation region 3 is made porous 
using an anodizing device as in the second embodiment. At this time, an electrode is 
formed on part of the isolation region 3 located in part of the top surface of the substrate 1 

20 of semiconductor that is not immersed in a solution. The part of the isolation region 3 is 
anodized without using a tungsten lamp 117. In this way, only the silicon film 18 
containing a P-type impurity is selectively made porous to form a porous silicon film 42, 
and the silicon film 17 containing an N-type impurity is left as a silicon film 41 without 
being made porous. 

25 [0104] Thereafter, as illustrated in FIG. 12(e), the oxidation-resistant film 11 and part 
of the pad insulating film 10 are removed by wet etching. 

[0105] Next, ions are implanted into a predetermined region of the substrate 1 of 
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semiconductor, thereby forming a photodiode 2 and active regions of semiconductor 
devices (not shown). Subsequently, a gate insulating film, a gate interconnect, an 
interlayer dielectric, a signal line, and a pulse transmission line, and other elements are 
formed in a known method, thereby fabricating a solid state imaging apparatus of this 
5 embodiment. 

[0106] According to the solid state imaging apparatus of this embodiment, an isolation 
region 3 is formed of silicon with which a trench 13 is filled and which is partly made 
porous. Since the substrate 1 of silicon and the isolation region 3 are therefore made of 
the same material, this can reduce the stress in heat treatment. Therefore, it is less likely 
10 to produce defects. This can prevent dark current and white defects from being produced 
due to the above defects. Furthermore, since the isolation region is partly made porous, 
this can reduce the permittivity of the isolation region, resulting in the enhanced operating 
speed of an imaging apparatus. 

[0107] To be specific, in the known solid state imaging apparatus in which an isolation 
15 region is formed by STI, approximately 10,000 white defects were observed for one 
million pixels. On the other hand, in the solids state imaging apparatus of this 
embodiment in which a silicon film and a porous silicon film are formed as an isolation 
region, the number of white defects is 500 or less. The white defects represent pixels 
each producing an output of 10 mV or more when there is no incident light. 
20 [0108] (Embodiment 4) 

A solid state imaging apparatus according to a third embodiment of the present 
invention and a fabrication method for the same will be described hereinafter with 
reference to the drawings. 

[0109] FIG. 13 schematically illustrates the structure of a camera according to this 
25 embodiment. As illustrated in FIG. 13, a camera module 81 of this embodiment includes 
a sensor module 62 obtained by attaching an optical system 72 to the solid state imaging 
apparatus 71 of the first embodiment of the present invention, a driving circuit 63 for 
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driving the sensor module 62, and a digital signal processor (DSP) 68 for processing a 
signal delivered from the sensor module 62. The camera module 81 is connected to a 
display 78 and a recording medium 79 as necessary, thereby forming a camera system 82. 
[0110] Light incident through the optical system 72 on the solid state imaging 

5 apparatus 71 is output as an electrical signal by the soUd state imaging apparatus 71, and 
the output electrical signal is temporarily accumulated in a preprocessing unit 74 of the 
DSP 68. hi the solid state imaging apparatus 71 in which a plurality of photodiodes are 
arranged in matrix, charges accumulated in the photodiodes are read out for each of rows. 
Therefore, the number of memories of the preprocessing unit 74 is the same as that of 

10 photodiodes formed for each row of the solid state imaging apparatus 71. The charges 
accumulated in the photodiodes and read out for each row are finally converted into a color 
image by an image processing circuit 75 and further converted into a signal for displaying 
an image on the display 78 by a display processing circuit 76. Furthermore, the DSP 68 
is provided with a medium control circuit 77, and an image can be stored in a recording 

15 medium 79. 

[0111] Since as described above the camera of this embodiment includes the solid 
state imaging apparatus 71 allowing only small numbers of random noises and white 
defects, this can significantly reduce noises appearing in a shot image. This permits 
high-resolution imaging. Furthermore, since the number of noises included in a signal 
20 from an imaging device is small, this can reduce the load on the DSP 68 in signal 
processing, such as noise reduction. As a resuU, a camera operating at high speed can be 
achieved. 

[0112] Although in this embodiment the imaging apparatus of tlie first embodiment is 
used, the same effect can be obtained even in the use of the imaging apparatus of any other 
25 embodiment or the modification. 

[0113] Although in each embodiment an N-type silicon substi-ate is used, the same 
effect can be obtained even in the use of a P-type silicon substrate. 
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INDUSTRIAL APPLICABILITY 

[0114] The present invention can provide a high-sensitivity solid state imaging 
apparatus, a method for fabricating the same and a camera using the same which prevent 
the production of random noises and white defects coming from charges produced due to 
5 stress to avoid reduction in the sensitivity of the solid state imaging apparatus and is useful 
for a solid state imaging apparatus in which an imaging area including a plurality of pixels 
is formed at part of a semiconductor substrate, a method for fabricating the same and a 
camera. 



